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1. Intr~uctjon 
With the recent advances m collagen chemistry it 
became apparent that the mitial stage m the crosshnk 
formation of collagen 1s the enzymic syntheas of 
aldehydes by removal of e-amino groups of certam 
lysine and hydroxyiy~ne resrdues [ 1,2]. Tlus enzyme 
named Iysyl oxidase, one of the amine oxidases, has 
been purified to hrgh specriic activity and shown to 
be actrve upon both lysyl and hydroxylysyl groups in 
collagen and elastin [3,4]. It is well known that amine 
oxidases contain copper, and some of them require 
pyridoxal phosphate for their activity [5-73. It can 
be mferred therefore that vitamin B6 is also required 
for enzymic actrnty of lysyl oxidase. Thrs posstbrhty 
has been reinforced by the findings that partial 
purificatron of lysyl oxrdase from cartilage of chick 
embryos inJected wrth [G-3H]py~do~ne hydroc~onde 
revealed asmgle peak of ra&oactrvrty comadmg with 
a single peak of enzyme activity, and lysyl oxrdase 
actrvrty was mhrbrted after mcubatron wrth rsomcotmic 
acid hydrazide [8]. 
In order to gam further mformatron on thus 
pos~b~ty, we have lnvestlgated aldehyde and cross- 
hnk formation of skin and bone collagens from 
vitamm B6-deficient rats. 
2. Materials and methods 
Wisteri strain male r&ts avera~ng 50 g body wt were 
fed on a ntamm B6-deficient diet for 4 weeks [9]. 
The control diet was supplemented with 30 mg 
pyridoxine/lOO gvrtamm B6-deficient diet. 
Vitanun B6 content m the brain and skm was 
El~~~er~~orth-~oi~nd ~lomedlcal Press 
determmed by an estab~~ed ~croblolo~cal method 
[lO,ll]. 
The skm and bone were cut into small pieces and 
powdered m hqurd nitrogen. Followmg demmerahza- 
tion with 0.8 M EDTA (PH 7.5) the powdered bone 
was sequentially extracted with 1 .O M NaCl m 0.05 M 
Trrs buffer (pH 7.4) and with 0.5 M acetic acrd. The 
powdered skin was extracted with 1 .O M NaCl and 
wrth 0.15 M sodium citrate (pH 3.4). The residue 
obtained after these extractions, which is primarily 
msoluble collagen, was washed with drstrlled water 
and then lyophrhzed. 
Following hydrolysis m 6 N HCl at 110°C for 
24 h, hydroxyprohne was determined [ 121 for the 
estimation of the collagen content in each extract and 
m the insoluble fraction. 
Punfied neutral salt soluble collagen from skm was 
completely drssolved m potassium phosphate buffer, 
~0.4 (pH 7.6) by stirrmg at 4% for 24 h. This 
collagen solutron and insoluble collagens from skm 
and bone were reduced wrth NaB3H4 [ 131, they were 
then dialyzed extensively agamst 0.1 M acetic acrd 
and lyophrlized. The tntrated proteins were 
hydrolyzed m 3 N HCl at 107OC for 48 h, and the 
hydrolysates were dried. A portion of each hydrolysate 
was measured for specriic radroactrvity, and the data 
were expressed in terms of the measured hydroxy- 
proline content of the hydrolysates. Chromatographrc 
fracttonation of the radloactrve components of each 
hydrolysate was carried out on a 0.9 X 23 cm column 
of Ammex A-5 as in [ 14,153. Ahquots were counted 
for radroactivity, and values under each crosslink 
peak were expressed as cpm/mg hydroxyproline in 
the hydrolysate loaded on a column. 
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3. Results and discussion 
Prior to the chemical analysis of skm and bone 
collagens from rats fed on a vitamin B6-deficient and 
a control diet, the vitamin B6 contents of soft tissues, 
bram and skin, from both groups were determined. The 
vrtamm B6 contents of these tissues were found to be 
srgmficantly reduced after 4 weeks feedmg with a 
vrtamm B6-deficient dret (table 1). 
Table 2 shows the solubrlities of skm and bone 
collagens from vitamin B6-deficient and control 
groups. Although there were no significant changes m 
the amounts of citrate or acetic acid soluble collagens 
between the two groups, skin and bone collagens 
from the vrtamm B6-deficient group were more 
soluble than those collagens from the control group 
when extracted with neutral salt solutron. 
The specific radioactrvrtres of NaB3H4-reduced 
neutral salt soluble collagens from vitamin B6-deficient 
and control skm were compared m table 3. Collagen 
from vrtamm B6-deficient skm, in solution, was 
found to mcorporate only 27.6% (mean values) of 
Table 1 
Vrtamm B6 content m the brain and skm 
Control B6-deficrent 
Bram 4728 i 80 2547 f 33 
(100) (53 9) 
Skm 314* 13 180* 20 
(LOO) (57 3) 
The data are expressed as pg/g wet wt of tissue Figures m 
parentheses represent he % vitamin B6 content compared to 
the controls 
Table 3 







60 1 f 5 8 
(27 6) 
Results are expressed as cpm/pg hydroxyproline in the 
hydrolysates. Figures in parentheses represent he % spec. 
radioact compared to the control 
the rachoactivrty of collagen from control skm. Thrs 
result mdrcates that collagen from the ntamm B6- 
deficient group contains an extremely low amount of 
aldehydes which participate m crosshnk formation. 
Table 4 shows the radroactivrty recovered under 
each crosshnk peak of msoluble skin and bone 
collagens. Both vitamin B6-deficient skin and bone 
collagens howed remarkably lower values under all 
crosslinks compared to the controls. The specific 
radroactrvrties of these insoluble collagens from 
ntamin B6-deficient group were also found to be 
lower than those of control collagens. The values 
were: control skm and bone collagens, 214.5 f 10.0 
and 177.0 + 17.5 cpm/pg (hydroxyprolme), vitamin 
B6-deficient skm and bone collagens, 134.5 + 5.5 and 
132.3 * 9.2 cpm/pg (hydroxyprolme). 
The results from the crosslmk studres and as well 
as the specific radioactivity analyses of skm and bone 
collagens clearly showed that vitamm B6 deficiency 
produces an extremely low amount of aldehyde cross- 
lmk intermediates and rmparrs the reducible crosshnk 
formation. Thus, rt may be apparent that lysyl oxidase 
requires vitamin B6 for its enzymic activity. 
Table 2 
Changes in the solubrlrty of skm and bone collagens 
Control B6 deficient 
Skm Bone Skm Bone 
10 M NaCl 110?05 1 23 + 0 09 238*23 248*007 
0 15 M citrate 377*19 394+15 
0 5 M acetic acid 1 20 f 0 09 151 f 006 
Total 487+18 244*014 632*14 420+018 
The data are expressed as % total collagen content m each trssue 
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Table 4 
Formatron of the reducible crosshnks 
DI-OH-LNL OH-LNL LNL 
Control B6deticient Control BLideficrent Control B6-deficient 
Skm 3168 2040 22 344 8100 20 856 6360 
Bone 16 634 Lo 738 17 856 10 104 5784 2820 
Results are expressed as cpm under each crosslink peak/mg of hydroxyprolme in the 
hydrolysates loaded on a column 
Abbrevzutzons D&OH-LNL, dihydroxylysmonorleucine, OH-LNL, hydroxylysinonor- 
Ieucine, LNL, iy~nonorleuclne 
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